Potted chrysanthemum is an important flower crop due to its economic value as a commercial pot ornamental plant. Chrysanthemum growth and development is drastically restricted by water deficit and the available information about water stress alleviation in chrysanthemum is very limited. Although β-aminobutyric acid (BABA) and spermidine (Spd) are involved in drought tolerance, there is no reports about their applications on potted chrysanthemum. This experiment was conducted, therefore, to study the impact of BABA or Spd application on drought tolerance of potted chrysanthemum. Two water levels were used in this experiment i.e. 100 % FC as well-watered treatment and 50 % FC as drought stress treatment. BABA and Spd were each foliar applied at 0.2 or 0.4 mM while untreated plants were sprayed with distilled water. Foliar application with BABA or Spd enhanced the growth characters, flower characters, relative water content (RWC), chlorophyll and proline contents of potted chrysanthemum under drought stress. Treatment of BABA or Spd reduced the malondialdehyde (MDA) content, H 2 O 2 production and therefore maintained the membrane integrity in drought stressed plants. Additionally, the activities of catalase (CAT) and peroxidaes (POX) enzymes were improved due to BABA or Spd foliar application in drought stressed plants. The current results suggest that BABA and Spd were implicated in drought stress adaptation of potted chrysanthemum through reducing lipid peroxidation, retaining the cell membrane stability and motivating the antioxidant system.
INTRODUCTION
Chrysanthemum (Dendranthema grandiflorum kitam.) which belongs to Asteraceae family, is very popular flower crop that has an economical value in floral industry as one of the foremost commercial pot ornamentals with a great deal of market expression (Hassan and Schmidt, 2004) . Unfortunately, the growth and flowering of chrysanthemum is restricted by water deficit therefore, improving the drought tolerance is very important for a high-quality supply of pot chrysanthemum plants. Recently, drought is a main task to sustainable agriculture worldwide and it considers a prime abiotic stress which adversely affects the growth and production (Hassan et al., 2018) . Drought leads to some physiological changes including cell turgor loss (Ali and Hassan, 2019) and over production of reactive oxygen species (ROS) that caused lipid peroxidation observed by higher MDA level (Talaat et al., 2015) .
Plants can mitigate the damage of water stress through several physiological modifications including motivation the antioxidant machinary to detoxify ROS (Arbona and Gómez-Cadenas, 2008) and accumulation of compatible solutes that caused osmotic adjustment and the maintenance of cell turgor (Marcinska et al., 2013) . Correlation between antioxidant enzyme activation and tolerance of water deficit has been observed (Ali and Hassan, 2017) . There are scarce efforts to mitigate environmental stresses in chrysanthemum by breeding programs, but limited successes have been described (He et al., 2018) . Improving the drought stress tolerance in this important flower crop by applying several exogenous of treatments is therefore imperative. β-aminobutyric acid (BABA) is a, synthetic, non-protein amino acid and its natural occurrence is scarce (Mayer et al. 2006) . BABA enhanced the plant tolerance versus abiotic stresses like salt and drought (Zhong et al., 2014) . BABA potentiates the natural defense against environmental stresses, however its accurate mode of action in plants is yet unidentified (Vijayakumari et al., 2016) . Application of BABA enhanced proline content and activity of antioxidant enzymes in rice under stress (Das et al., 2016) , increased carbohydrates and proline contents, and induced osmotic potential reduction in flax (Quéro et al., 2015) . BABA treatment considerably reduced MDA level and increased guaiacol peroxidase and superoxide dismutase enzyme activities . Although the impact of BABA on increasing the tolerance of abiotic stress in several crops has been observed, there are no reports on potted flowering plants including chrysanthemum. To our knowledge, no reports is available about how BABA regulates physiological/biochemical processes in pot chrysanthemum grown under drought.
Martin-Tanguy (2001) reported that polyamines including spermidine (Spd) are aliphatic amines and polycationic that play significant functions in plant growth. Moreover, they regulate plant stress alleviation through osmotic adjustment, membrane integrity improving (Takahashi and Kakehi, 2009) and free radicals scavenging (Roychoudhury et al., 2011) . It has been observed that polyamines are involved in tolerance of water stress (Kubis´ et al., 2014 , Li et al., 2015 and Sánchez-Rodríguez et al., 2016 . Several reports indicated that water stress elevates the biosynthesis of polyamines (Yang et al., 2007 and Kubis´, 2008) . Hence, Groppa and Benavides (2008) suggested that Spd may be involved in drought tolerance mechanism. Moreover, Spd is implicated in the growth (Pottosin et al., 2014) and tolerance of drought (Li et al., 2015 and Hassan et al., 2018) .
Foliar application with Spd ameliorated the adverse effects of water stress by reducing ROS and MDA levels and promoting the antioxidants (Li et al., 2015) . The membrane damage and MDA level were increased under drought stress, however Spd application effectively reduced lipid peroxidation, the membrane damage and elevated the proline accumulation (Kubis´ et al., 2014) . A higher content of Spd motivated the antioxidant machinery observed by lower ROS production and higher CAT and SOD enzyme activities that improved the dehydration tolerance (Sánchez-Rodríguez et al., 2016) . Additionally, Xu et al., (2011) observed that Spd treatment decreased both MDA and ROS production which reduced the plasma membrane damage. Although Spd improves several abiotic stresses tolerance in several crops, the available information concerning Spd effects on potted flowering plants including chrysanthemum is scarce. Therefore, this investigation is an attempt to mitigate the drought stress in potted chrysanthemum using BABA or Spd applications.
MATERIALS AND METHODS

Soil preparation and cultivation
Two pot experiments were carried out at the greenhouse area of Faculty of Agriculture, Menoufia University, Shibin El-Kom (30°33′24.8″N 31°00′51.3″E) during 2017 and 2018 seasons. Rooted cuttings of Dendranthema grandiflorum kitam.. cv. "White Reagan" were obtained from commercial grower at the 1st of August and transported to the greenhouse and transplanted into 20 cm pots (1.6 L) with three plants as commonly used in greenhouse production (Ali and Hassan, 2016) . The pots were filled with substrate consists of sand:peat:perlite in a proportion of 1:1:1 (v/v/v).
Drought stress treatments
After transplanting, the plants were divided into two groups and treated with two water regimes: the first group was well watered (exposed to100 % FC) as treatment and the second one was drought stressed (exposed to 50 % of FC). The pots were weighted daily to control the soil water content.
BABA and Spd treatments
Each group of water regimes was foliar sprayed with 0.2 and 0.4 mM from BABA or Spd. The plants were weekly sprayed till flowering stage. A surfactant of Tween 80 (0.5 % v/v) was added before spraying. Distilled water with the same surfactant was used for control plants spraying. The pots were arranged in two-way factorial experiment and a completely randomize design was used (Snedecor and Cochran, 1980) . Four replicates of each treatment were conducted with three pots each.
Growth and flowers parameters
At flowering stage, plant height (cm), stem diameter (cm), branch number per plant were recorded. To determine leaf area (cm 2 ), the digital image analysis described by Matthew et al., (2002) was used to measure the blade area. Days to the first flower (anthesis), flower number/plant, flower diameter (cm) and shelf life of whole pot (days) were assessed. Shelf life was the days between opening of 2-3 flowers till wilting more than 50 % of flowers.
Relative water content (RWC)
Samples for the subsequent physiological and biochemical investigations were collected at flowering stage. Leaf midday RWC was investigated by Weatherley (1950) method following the equation: (W fresh -W dry ) / (W turgid -W dry ) x 100 where W fresh is the sample fresh weight, W turgid is the turgid weight of sample after saturation in distilled water for 24 h at 4 °C, and W dry is the oven-dry weight of the sample (at 70 °C for 48 h).
Chlorophyll determination
Leaf chlorophyll content was determined using Metzner et al., (1965) method after sample extraction in acetone then the extract was spectrophotometrically investigated. The total chlorophyll was recorded as mg g -1 fresh weight.
Proline analysis
Free proline content was investigated according to Bates et al., (1973) . The absorbance at 520 nm was spectrophotometrically determined with toluene as the blank. The proline content was calculated and presented as µmol g -1 FW based on a standard curve.
Membrane stability index (MSI)
Ions leakage was investigated according to Sairam et al., (1997) to assess the membrane stability using a conductivity meter. Malondialdehyde (MDA) content MDA content was determined as an indicator for lipid peroxidation according to Hodges et al., (1999) .
Determination of hydrogen peroxide (H 2 O 2 )
H 2 O 2 content was investigated by the method of Patterson et al., (1984) . Samples were homogenized with chilled acetone 100 % and centrifuged at 12,000 g for 10 min at 4 • C. The absorbance was observed at 412 nm and calibrated with a standard curve using different concentrations of H 2 O 2 . Antioxidant enzyme assays
The method described by Bradford (1976) was used for assessment of soluble protein for enzyme extract. The activity of CAT (EC 1.11.1.6) was spectrophotometrically assessed as described by Clairbone (1985) by following the H 2 O 2 disappearance at 240 nm. The level of CAT activity was expressed as µmol min -1 mg -1 protein. The activity of POX (EC 1.11.1.7) was evaluated according to Shanon et al., (1966) . The absorbance level was observed by spectrophotometer at 470 nm and the enzyme activity level was expressed as µ mol min -1 mg -1 protein.
Statistical analysis
This experiment was duplicated, and combined analysis of pooled data was conducted for the two seasons. To analyze data, it was subjected to ANOVA by SPSS program (13.3). Statistical differences between means were investigated by Tukey-Kramer's multiple range test at P=0.05. Each value is the mean ± SE of the two experiments (n = 8).
RESUITS Growth parameters
The growth of potted chrysanthemum was adversely affected due to drought stress; however foliar application of BABA or Spd improved the plant growth under drought. Plant height, branch number, stem diameter and leaf area were markedly reduced by drought stress treatment (50 % FC), while BABA and Spd applications enhanced these characters (Table 1) . Under 100 % FC the differences between BABA or Spd and untreated control were non-significant however, the treatment of Spd at 0.4 mM recorded the best results in this respect.
Flower characters
Data obtained showed that applying 50 % FC considerably decreased the time to anthesis and hence accelerated the first flower appearance compared to 100 % FC treatment. Additionally, the time to anthesis was not significantly affected by BABA or Spd treatments under 100 % FC, however they increased the time to anthesis in water stressed plants compared to the control. Flower number/ plant, flower diameter and the pot shelf life were significantly reduced by drought stress treatment (50 % FC), while BABA and Spd applications enhanced these flower characters. The treatment of Spd at 0.4 mM recorded the best results in this respect (Table  2) . Under 50 % FC, the pot shelf life was extended by 57.64 and 54.62 % when plants treated by 0.4 mM of Spd or BABA, respectively.
Relative water content (RWC)
In well-watered plants (100 % FC), a slight increase in RWC was observed as a result of BABA or Spd treatments. Otherwise, RWC was significantly reduced under 50 % FC treatment however, foliar application with BABA or Spd improved the RWC in drought stressed plants compared to non-stressed plants (Fig. 1A) . The treatment of Spd at 0.4 mM maintained the RWC at higher level relative to the other treatments.
Total Chlorophyll content
It is clear from data in Fig. (1B) that the total chlorophyll in potted chrysanthemum leaves was considerably decreased in water stressed plants (50 % FC) compared to non-stressed plants (100 % FC). However, foliar application with BABA or Spd significantly retarded this reduction under drought. The best results were observed by applying Spd at 0.4 mM. Otherwise, under 100 % FC the differences between BABA and Spd were not significant. Columns had different letters are significantly differ for each other according to Tukey-Kramer's multiple range test at P=0.05.
B
A Proline content Proline content of potted chrysanthemum leaves was markedly increased in water stressed plants (50 % FC) compared to 100 % FC water level. Both BABA and Spd treatments accumulated more proline under stress relative to non-stressed plants more so by applying Spd treatment ( Fig. 2A) . Under 100 % FC, BABA or Spd application had no impact on proline content compared to the control.
Malondialdehyde content (MDA)
The MDA accumulation in potted chrysanthemum leaves was slightly reduced under well-watered condition due to BABA or Spd treatments compared to the control. However, the MDA accumulation was significantly increased in water stressed (50 % FC) plants relative to BABA or Spd treated plants. The lowest MDA content was recorded when Spd was applied (Fig. 2B ).
Hydrogen peroxide (H 2 O 2 ) content
The water stress treatment significantly increased the H 2 O 2 content compared to wellwatered plants. Even under 100% FC, applying of BABA or Spd reduced the H 2 O 2 production relative to the control. However, a considerable reduction in H 2 O 2 was observed when BABA or Spd were used in water stressed plants. The treatment of Spd at 0.4 mM resulted in the lowest H 2 O 2 level relative to the other treatments (Fig. 3A) .
Membrane stability index (MSI)
Data presented in Fig. (3B) clearly indicate that drought stress significantly decreased MSI in potted chrysanthemum leaves compared to well-watered treatment. Application of BABA or Spd significantly improved MSI even under 100 % FC treatment but the improvement was clearly observed under 50 % FC water level. The best treatment in this concern was Spd at 0.4 mM.
Catalase and Peroxidase enzyme activity
Drought stressed potted chrysanthemum showed higher CAT and SOD enzyme activities compared to 100 % FC treatment. Additionally, foliar application with BABA or Spd under stress (50 % FC) significantly increased the activity of both enzymes relative to untreated plants however, under 100 % FC treatment there were no differences were observed (Fig. 3B ). The highest enzyme activitiy was observed in stressed plants and sprayed with Spd at 0.4 mM. This study focused on the impact of BABA and Spd on drought tolerance in potted chrysanthemum. The results of current study illustrated that the growth characters of potted chrysanthemum (plant height, branch number, stem diameter and leaf area) were considerably decreased under stress compared to well-watered treatment. These results are in accordance with the results of Talaat et al. (2015) and Hassan et al. (2018) . Otherwise, foliar application with BABA or Spd alleviated the adverse effects of drought and improved the growth of potted chrysanthemum. Application of BABA plays a critical role in enhancing plant tolerance versus different abiotic stresses (Zhong et al., 2014 , Quéro et al., 2015 and Ali and Hassan, 2019 . In the same direction, the growth of water stressed rose was enhanced due to Spd application (Hassan et al., 2018) . In the same direction of vegetative growth, the flower characters of potted chrysanthemum were considerably enhanced when BABA or Spd were applied under water stress conditions. Increasing the growth may reflected in improving the flower characters. The number of opened flowers affect the potted chrysanthemum shelf life therefore, increasing number of flowers may be a reason of increasing the shelf life of whole plant. These results are in accordance with the report of Ali and Hassan (2016) on potted chrysanthemum. Otherwise, the flowering was earlier in water stressed plants relative to well-waterd ones. It has been reported that, drought stress can be easily induced by irrigation control and hence drought stress could induce flowering and enhance carbohydrate accumulation (Pingping et al., 2017) .
Tissues dehydration under drought could be evaluated by RWC that is signal the cell water status. In current study, a reduction in RWC was observed in drought-stressed plants however, this reduction was notably retarded in potted chrysanthemum by BABA or Spd applications. Additionally, the chlorophyll content goes in parallel with water status in leaves. Maintaining the RWC and chlorophyll under stresses due to BABA treatment has been reported Hassan, 2019) . Otherwise, the mesophyll cells water status is improved due to Spd treatment (Farooq et al., 2009 ) and hence the photosynthesis may be enhanced (Hassan et al., 2018) . Maintaining RWC and chlorophyll in stressed plants due to Spd application has been observed (Li et al., 2015) .
The proline level was increased under drought stress and the applications of BABA or Spd increased the proline content in potted chrysanthemum under stress. Ashraf and Harris (2004) found that proline plays an adaptive role in plants grown under environmental stresses to mediate osmotic adjustment and preserve the subcellular structures. Moreover, proline also detoxifies cells through ROS scavenging (Kamiab et al., 2014) and therefore its accumulation could protect cells against oxidative damage (Olga et al., 2003) . In accordance with our results, Quéro et al. (2015) , Das et al. (2016) observed an accumulation of proline due to BABA treatment under stress. Furthermore, several reports show the increasing of proline due to polyamines including Spd treatment under stresses (Farooq et al., 2009 , Kubis´ et al., 2014 and Hassan et al., 2018 .
Drought stressed potted chrysanthemum exposed to showed higher MDA and H 2 O 2 contents compared to well-watered plants. Meanwhile, BABA or Spd treatments decreased the MDA and H 2 O 2 under stress and therefore retained the membrane integrity under drought. Farooq et al. (2009) reported that, under water deficit, MDA is a lipid peroxidation indicator of oxidative stress. These results support the other reports of Jisha and Puthur (2016) and Ali and Hassan (2019) who observed an increase in both MDA and H 2 O 2 contents in stressed plants however, BABA application retarded that increase and maintained the membrane integrity. Accumulation of ROS deteriorates cell membrane and harms proteins and lipids that finally caused cell death (Miller et al., 2010) . Additionally, Spd application could protect the membrane integrity and alleviates the membrane damage in stressed plants through scavenging the free radicals Yang, 2008 and Hassan et al., 2018) .
In this experiment, the activities of CAT and POX enzymes were increased in potted chrysanthemum under drought by applying BABA or Spd relative to the control. Motivating the system of antioxidant is important to mitigate the oxidative stress (Li et al., 2015) as effective ROS scavengers (Foyer and Fletcher, 2001) . In agreement of our results, Das et al. (2016) and Jisha and Puthur (2016) recorded an activation in antioxidant enzymes due to BABA treatment under stress condition. In the same direction, Spd treatment increased the antioxidant enzyme activity in water stressed damask rose (Hassan et al., 2018) . Moreover, motivating the system of antioxidant as a result of Spd application and therefore increasing the capacity of ROS scavenging have been documented (Farooq et al., 2009 and Li et al., 2015) .
CONCLUSIONS
Conclusively, the impact of exogenously applied BABA or Spd in drought tolerance of potted chrysanthemum was investigated. The plant growth, flower characters, RWC and chlorophyll were reduced under drought, while BABA or Spd treatments markedly alleviated the adverse effects of drought and improved the growth and developmnt in stressed plants. Additionally, BABA or Spd applications increased the proline content, decreased MDA and H 2 O 2 contents and therefore retained the membrane integrity under drought. Potted chrysanthemum grown under drought showed higher activities in CAT and POX enzymes when BABA or Spd were applied. Application with BABA or Spd are suggested to play critical roles in adaptation of drought stressed potted chrysanthemum plants.
